INTRODUCTION
Intranasal mupirocin and bathing in 2% chlorhexidine has been reported to reduce methicillin-resistant Staphylococcus aureus (MRSA) colonization and infection [1, 2] .
In Korea, however, intranasal mupirocin is not available, and mupirocin ointment, an over-the-counter drug, has been used indiscriminately. Furthermore, because health insurance covers mupirocin ointment, it is relatively easy to prescribe within hospitals. Mupirocin resistance is related to the inappropriate use of mupirocin, and ultimately lessens the effect of intranasal mupi- rocin on MRSA decolonization. Previous studies have concluded that mupirocin resistance in MRSA parallels mupirocin consumption [3, 4] . High-level mupirocin resistance is associated with a failure of MRSA treatment, and combined low-level mupirocin and genotypic chlorhexidine resistance significantly increases the risk of persistent MRSA even after decolonization therapy [5, 6] . The number of MRSA isolates with high-level mupirocin resistance declined, followed by the number of low-level mupirocin-resistant isolates, following administrative prescription control of mupirocin [4] . To our knowledge, however, mupirocin ointment consumption or utilization in Korea has not been evaluated. The prevalence of high-level mupirocin resistance has been reported at about 4% among MRSA isolates in North America, and varies widely between and within countries in Europe [5] . Low-level mupirocin resistance among MRSA isolates from single-hospital studies range in prevalence from 0% to 80% [5] . In Korea, rates of low-level and high-level mupirocin resistance in a tertiary-care hospital were recently reported to be 17% and 2%, respectively [7] , although different results were reported in the early 2000s [8, 9] . In particular, the rate of low-level mupirocin resistance in a tertiary-care hospital increased from 14% in 2006 to 22% in 2009 [7] . Therefore, we performed a mupirocin drug utilization review (DUR) to evaluate the appropriateness of mupirocin use within Hallym University Sacred Heart Hospital, and investigated trends in mupirocin resistance among MRSA isolates.
METHODS
We performed a mupirocin DUR to assess the pattern of mupirocin use within Hallym University Sacred Heart Hospital. Hallym University Sacred Heart Hospital is a tertiary-care teaching hospital with 829 beds. First, the annual usage rates of antibiotic ointments available at our hospital between 2003 and 2013, mupirocin and fusidic acid, were investigated. In particular, the monthly consumption of mupirocin was assessed during the final 2-year period, during which the use was highest and could be easily extracted using the pharmacy's computer software. We performed a retrospective DUR of prescribed mupirocin for the month of August 2012, the period of highest mupirocin use, by reviewing the electronic medical records of patients who received mupirocin ointment in that month. The following data were collected: number of patients with mupirocin prescriptions, number of tubes of mupirocin ointment prescribed, sites of prescription (inpatient or outpatient), prescribing department, indications, whether bacterial culture and antimicrobial susceptibility testing were requested, whether antibiotic ointment was given alone or with systemic antibiotics, type and duration of co-administered systemic antibiotics, and history or presence of adverse reactions associated with mupirocin.
Mupirocin susceptibility testing of S. aureus isolates was performed using the MicroScan Dried Pos Breakpoint Combo Panel Type 28 (PBC28, Siemens, West Sacramento, CA, USA), available in our hospital since April 2011. Minimal inhibitory concentration (MIC) breakpoints for mupirocin were defined as: susceptible, below 4 μg/mL; low-level resistant, 8 to 256 μg/mL; and high-level resistant, more than 512 μg/mL. We investigated quarterly trends in low-level and high-level mupirocin resistance rates among MRSA isolates between April 2011 and December 2013. Fusidic acid susceptibility testing of S. aureus isolates was performed using the MicroScan Dried Gram Positive Combo Panel Type 1A (Siemens) before April 2011 and PBC28 after April 2011. MIC breakpoints for fusidic acid were defined as: susceptible, below 2 μg/mL; intermediate resistance, 4 to 16 μg/mL; and resistant, more than 32 μg/mL. We also investigated annual trends in fusidic acid resistance among S. aureus isolates between 2003 and 2013. 
RESULTS

Trends in antibiotic ointment consumption
Drug utilization review of mupirocin ointment
As August 2012 was the month with the highest consumption of mupirocin, we focused our DUR of mupi-www.kjim.org rocin ointment on that period. Physicians prescribed 817 tubes to 598 patients in August 2012. Of those, 694 tubes (84.9%) were administered to outpatients, and 562 tubes (81.0%) were prescribed at the dermatology outpatient clinic. The department responsible for most prescriptions was dermatology (634 tubes, 77.6%), while 20 (2.4%) were prescribed by pediatrics. The dermatology department was responsible for about 60% of all mupirocin prescriptions between 2012 and 2013 (Fig. 2) . Most prescriptions (84.9%) were for prophylactic purposes after procedures, such as biopsy (60.0%) or for non-infectious skin lesions (25.0%). Only 1.8% were prescribed after a request for bacterial culture with antimicrobial susceptibility testing. Mupirocin ointment was combined with systemic antibiotics in 62.9% of cases; systemic antibiotics were also usually prophylactic (84.3%). Systemic antibiotics included cefaclor (49%), amoxicillin/clavulanate (38%), and cefditoren (3%). The mean duration of co-administration of systemic antibiotics was 7.8 days, with cefaclor given for an average of 6.6 days, amoxicillin/ clavulanate 7.9 days, and cefditoren 10 days. We did not identify any current or past drug adverse reactions associated with mupirocin through electronic chart review. 343  166  93  119  163  194  460  562  404  226  198  253  304  242  276  248  227  298  343  325  296  348  239  354   361  184  122  141  212  209  495  634  429  261  289  349  335  252  302  274  264  368  378  380  356  387  268  362   519  325  250  314  396  365  719  817  641  432  461  540  552  409  546  477  485  541  604  631  669  583  434 
Trends of mupirocin and fusidic acid resistance among S. aureus isolates
We investigated quarterly trends in low-level and high-level mupirocin resistance among all inpatient and outpatient MRSA isolates between April 2011 and December 2013. The rate of low-level mupirocin resistance among MRSA isolates increased greatly, from 8.0% to 22.0%, while that of high-level mupirocin resistance increased from 4.0% to 7.5% (Fig. 3) . The rate of fusidic acid resistance among all inpatient and outpatient S. aureus isolates increased greatly, from 14.9% to 40.3%, between 2003 and 2013 (Fig. 4) . 
DISCUSSION
The use of mupirocin ointment has increased greatly in the last decade, likely related to the increase in fusidic acid-resistant S. aureus, the number of individuals visiting dermatology outpatient clinics, and the cost to patients of fusidic acid ointment since 2000. Rates of fusidic acid resistance among S. aureus isolates were reported to be ~20% between the late 1990s and the early 2000s [10, 11] . The number of mupirocin prescriptions from the dermatology department in the DUR period was representative of the monthly prescriptions between 2012 and 2013. Specifically, the monthly mupirocin prescriptions correlated with the number of individuals visiting the dermatology outpatient department, increasing during the summer vacation, when more dermatological procedures were performed. Therefore, we decided to perform a mupirocin DUR during August 2012, although the study was limited by evaluating the data from only a single university-affiliated tertiary-care hospital during a specific period [12] . Most prescriptions for mupirocin ointment were inappropriately given for prophylactic purposes in the department of dermatology, especially at the dermatology outpatient clinic. Furthermore, systemic antibiotics were used in combination with about two-thirds of the mupirocin prescriptions, though no evidence supports this regimen.
Mupirocin resistance, especially low-level mupirocin resistance, among all inpatient and outpatient MRSA isolates increased with use of mupirocin; however, mupirocin susceptibility was not determined according to Clinical Laboratory and Standards Institute recommendations [7] . Excessive use of mupirocin can lead to mupirocin resistance [13, 14] ; mupirocin use for more than 5 to 10 days in MRSA nasal carriers with other MRSA colonization sites, such as chronic wounds, and repetitive use of mupirocin resulting from a decolonization failure are associated with development of resistance [3] . The use of mupirocin in our hospital, especially in outpatient departments, increased greatly after 2003 (data not shown), and annual consumption of mupirocin remained high after 2010.
Mupirocin susceptibility testing of MRSA isolates has been available in our hospital since April 2011, but only 1.8% of prescriptions during August 2012 followed a request for bacterial culture. Thus, we could not directly correlate use of mupirocin with resistance among MRSA isolates between 2003 and 2013. However, we assume that use of mupirocin ointment in our hospital would be similar to that in other community hospitals or clinics in the vicinity. Moreover, mupirocin ointment has been used indiscriminately as an over-the-counter drug in the community, although we could not estimate the quantity consumed. Therefore, excessive mupirocin use both as a prescription and over the counter could affect mupirocin resistance at our hospital, and this resistance is likely to reflect that in the community.
The rate of resistance to fusidic acid increased greatly despite the decreasing use of fusidic acid ointment in our hospital. We assume that this increase was related to widespread over-the-counter use of fusidic acid ointment or to the use of fusidic acid as an oral antibiotic. Therefore, an antimicrobial stewardship program to control prescriptions of mupirocin and combined systemic antibiotics, especially at dermatology outpatient clinics, should be established. Further nationwide DURs for antibiotic ointment using large datasets, such as those from the Health Insurance Review and Assessment Service or nationwide multicenter studies evaluating the use of, and monitoring of resistance to, mupirocin in Korea should be conducted. As a first step, as mupirocin ointment is used indiscriminately as an over-the-counter drug, it should be classified as a prescription drug.
In conclusion, the inappropriate use of mupirocin is prevalent. Considering the increase in mupirocin resistance and the future application of intranasal mupirocin, prophylactic use of mupirocin ointment in dermatology departments must be reconsidered. A nationwide DUR using large datasets or further multicenter studies of mupirocin ointment use and resistance in Korea are needed.
